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Abstract 


A novel method of realization of microstrip slot couplei with compensation is 
piesented m this thesis Generally microstrip couplers are realized using quarter wave 
planai tiansmission lines This type of microwave coupler uses both sides of the substrate 
one side of which consists of microstrip line and the other side consists of a slothne The 
substrate lequiied for this coupler should have high pennittivity due to disperssive nature 
of the slothne Alignment for this type of coupler should be done m such a way that 
slothne must he just beneath the microstrip line on the other side of the substrate 
Analysis with and without compensation of the same coupler is made m this thesis by 
considering double symmetry of the recipiocal four port network Compensation to the 
coupler IS given by extending the length of slothne symmetrically on both sides of the 
terminating ends Scattering parameters are derived for both the compensated and 
uncompensated cases of the coupler structure The realization of the coupler with design 
parameters corresponding to 4 5 dB coupler on the alumina substrate with relative 
permittivity 9 8 and substrate thickness 0 635 mm is implemented over RT/ Duroid 
substrate (£r=10 2) with thickness 0 325 mm For this substrate approximate calculations 
are made using empirical formulae Approximated theoretical center frequency is 
achieved around 6 7404 GHz Measurements are taken over the hand of interest (from 6 0 
GHz to 8 0 GHz) The individual reponses of the implemented coupler are measured and 
compared with the theoretical ones 
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CHAPTER 1 


1 1 INTRODUCTION 

Hybrids and couplers are indispensable components in rapidly growing 
applications of microwaves in electromcs warfare radars and communication systems 
The circuits are used fiequently in frequency discriminators balanced amplifiers 
balanced mixers automatic level control and many other applications a hybrid or a 
coupler can in pimciple be represented as a multi port network In the case of four port 
network the four ports of structure are input direct coupled and isolated The two most 
important parameters that describe the performance of the network are its coupling factor 
and directivity 

A large number of papers on microwave directional couplers have appeared during 
the past 50 years Some have reported advances in existing types while others ha\e 
described entirely new types or classes of directional couplers The microwave Engineer 
IS faced with a situation whereby he is frequently able to satisfy a specification by the use 
of one of several types of direction couplers The choice is then made on the basis of cost 
manufacturing techniques and the physical layout etc Quite as often the specification 
may be met only one type of couplei so that knowledge of the entire field is desirable 

1 2 Classification of couplers 

Attempts are often made to classify directional couplers m various ways In Practice it is 
found that no unique classification is possible A classification may be based on one of 
many sets of conditions and the particular sets in one scheme rarely coincide with those 
m another Such schemes are given as following 

121 Co- or Contra directional coupling between parallel Waveguides 
or Transmission Lines In a co directional coupler the coupled wave travels in the 
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same direction as that of the wave m the mam line while in the contra directional 
couplei the coupled wave tiavels m the opposite direction i e is coupled backward 
12 2 Interference or intrinsic coupling, This applies to coupling between 
waveguide or transmission lines by means of longitudinal coupling (discrete or 
continuous) In an interference coupler the individual apertures or elemental parts of 
contmuos aperture are not themselves directional m their coupling but the individual 
coupled waves tend to reinforce in one direction of propagation and to interfere 
destructively m the other In the case of intrinsic coupling the individual apertures are 
themselves directional in their coupling properties In this case the apertures may be 
cascaded to give an additional interference which enhances the directivity 
12 3 Classification by phase division Most types of directional couplers may 
be classified as either 90 degree (quadrature) couplers or as 180 degree (magic Tee type) 
of couplers at least at their midband frequency They usually retain their 90degree or 180 
degree property within some tolerance over the operating band but some asymmetric) 
types do not 

12 4 Classification by the form of coupling There are many ways in which 
coupling may be achieved some of the various methods are single aperture coupling 
multi aperture coupling continuous (longitudinal) aperture coupling branch Ime or 
guide coupling waveguide junctions ring couplers and quasi optical couplers 
12 5 Rectangular Waveguide In the case of rectangular waveguide diiectional 
couplers the coupling is often classified as either narrow to narrow wall broad to broad 
wall or as narrow to broad wall The first two methods are most common and are called 
simple broad wall or narrow wall couplers respectively 

This merely states that the types of guiding System in winch the directional couplers may 
be designed eg rectangular ridged or circular waveguide coaxial and strip 
transmission lines quasi optical guides etc In general the fact is this that nearly all 
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Coupleis may be analyzed m terms of the even and odd normal modes which means that 
the mathematical analysis of all these types aie all much the same 
We aie mteiested m the implementation of diiectional couplei of which design involves 
planar transmission lines Because this type of transmission structure is suitable in 
miciowave integrated circuits A planar geometry implies that the characteristics of the 
element can be determined from the dimensions in a single plane 

1 3 Classification of transmission lines 

Various forms of planar transmission lines have been developed for use in miciowave 
integrated cii cults [18] The strip line miciostrip line inverted micro strip line slot line 
CO planai waveguide and co planar striplme are lespectively planar transmission lines 
The cii cults realized using any one of the aforementioned transmission lines or 
combinations of them have distinct advantages compared to conventional microwave 
cii cults such as lightweight small size improved perfonnance better reliability and 
reproducibility and low cost They are also compatible with solid state chip device 
Above mentioned planar transmission lines description is as follows 
13 1 Striplines Strip line is one of the most commonly used transmission lines for 
passive MICs The dominant mode in a striplme is TEM 

Microstrip Lines Unlike the shiplme the microstnp line is an inliomogeneous 
transmission line [15] since the field lines between the ship and ground plane are not 
contained entirely in the substrate Therefore the mode propagating along the microstnp 
IS not purely TEM but quasi TEM The microstriplme has become the most widely used 
transmission line medium because of its unique distinguislung quality needed by planar 
circuits Its imique characteristics include a highly compact and rugged structure Large 
scale integration feasibility and ease of device and component implementation To 
ensure single mode propagation both stop width (w) and substrate tlnckness (h) are 
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usually held to a small fi action of the operating wavelength At low frequency where 
quasi TEM piopagation is assumed the microstrip is usually open structured However 
at milhmetei wave fiequencies the microstiip line generally requires metallic shielding 
foi radiation interference And highei order mode excitation etc There will be presence 
of waveguide modes in the shielded structuie To suppress waveguide mode propagation 
and allow only the quasi TEM mode to propagate along the line channel must be 
designed so that the cut off frequency of dominant waveguide mode which is generally 
hybiid mode as the cuiients m the ship flow both the longitudinal and transverse 
directions Cut off of the dominant waveguide mode also depends on cross section of the 
shielding stiuctuie In case of paiallel coupled microstrips most of the E field lines 
between miciostrips are paiallel to ground plane whereas m odd mode case most of the 
E field lines between strips are perpendicular to ground plane If the struchire is pure 
TEM both odd and even mode phase velocities will be same Here as strips are placed on 
dielectric substiate which causes different phase velocities in tlie even and odd modes 
Comparatively in the even mode the fields will be more concentrated m the substiate 
than in the odd mode In the odd mode case the field lines m the dielectric substrate will 
be lesser Hence the effective dielectric constant is higher in the even mode case Higher 
the effective dielectric constant causes lesser the phase velocity By knowing the 
dispersion and impedance characteristic we can find the phase velocity and hence the 
diiectivity 

13 3 Suspended and inverted Microstrip Lines Suspended and mveited 

miciostnp lines provide a higher Q (500 to 1500) than does a microstrip The wide range 
of impedance values achievable makes these media particularly suitable for filters 

13 4 Slotlines The slotlme configuration is usefiil m circuits requiring high 
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impedance lines series stubs short circuits and in hybrid combinations with microstrip 
cii cults in microwave circuits This stmctuie is not populai at millimeter wave 
frequencies The mode of propagation is non TEM and almost transverse (TE) in nature 
Various methods of analysis discussed in liteiature do not lead to the closed form 
expressions for slotline wavelength and impedance This becomes a serious handicap for 
circuit analvsis and design especially when computer aided design techniques are used 
However closed form expression for charactenstics impedance and slotline wavelength 
have been obtained by the numerically computed results 

13 5 Coplanar Lines Coplanar waveguides are finding extensive applications in 
microwave integrated circuits Inclusion of coplanar waveguides in microwave ciicuits 
adds to the flexibility of circuit design and improves and improves the performance for 
some circuit functions Another promising configuration which is complementary to 
CPW IS known as coplanar strips (CPS) both of these configurations belong to the 
category of coplanar lines 

Wlieiem all conductors are m the same plane (i e on the top surface of dielectric 
substrate A distinct advantage of these two lines lies in the fact that mounting lumped 
(active or passive) components in shunt oi series configuration is much easier Drilling 
holes oi slots tlirough the substrate is not needed Coplanar waveguides and coplanar 
strips support quasi - TEM modes 

1 4 Comparison of various MIC Transmission Media 

For hybrid MIC applications microstrip slotline coplanar waveguide and 
coplanar strips have been used whereas for monolithic MICs microstrip has been used 
extensively It can generally seen that cpw and cps combine some advantageous features 
of microstrip lines and slotlines Their power handling capabilities radiation loss Q 
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factois and dispersion behavior he in between the conesponding Aalues of microstrip 
and slotlme Perhaps the best feature of two coplanar lines is the ease of mounting 
components in series and shunt configurations whereas microstrip lines are convenient 
only for series mounting and slotlmes can accommodate only shunt mounted 
components 

1 5 Design of Directional Coupler 

Microstrip directional couplers made of parallel coupled transmission - lines exliibit 
a reduced directivity due to the difference in the phase velocity of the odd and even 
mode To improve directivity velocity equalization has been introduced by a capacitive 
loading of the odd mode using hunped capacitors at the ends of the coupled region 

It IS the purpose of this thesis to apply this techmque in the design of 3 dB hybrid so 
as to improve the directivity Realization of this type of coupler can be done with a 
miocrostrip on the top of the substrate and slot line in the ground plane of the substrate 
In this case the length of the slotlme between the two slot open circuits should be 
increased by a certain amount such that the additional length of slotlme h requiies 
capacitive loading Let us assume that for an odd mode excitation at the ports 1&2 as 
determined mainly by the slotlme is Zoi beneath the microstrip (length h) and Z 02 outside 
the microstiip (length I 2 ) The electrical length of microstrip should be a quarter 
wavelength at the center frequency The frequency response of the isolation depends on 
the ratio of I 2 /Z 02 G Schaller [6] and therefore for simplicity we designed the coupler 
with same slot width throughout 

Another possibility to compensate for the difference in phase velocity is to use slot- 
strip slot configuration described by Kohler [6] In this case the slot lines may be curved 
in order to obtain phase equalization This is another interesting approach Unfortunately 
3 dB coupling can not be realized in a planar miciostrip microslot technique The 
isolation is quite satisfactory 
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which seems to prove the effectiveness of the curved slothnes (additional length ~1 1 
percent) for phase equalization 

This microstrip slot coupler is a special class of symmetric couplers It is particulaily 
suitable for the realization of 3 dB couplers m MIC technology De Ronde [2] originally 
proposed this coupler and Gaicia [13] desciibed an empirical design In addition 
Schiek[3] has made an analysis with the aid of the equivalent circuit of the branchline 
coupler Several problems of practical microstnp -slot coupler design are treated in this 
thesis It involves realization of 3 dB coupler m microwave integrated ciicuit on RT - 
Duioid (dielectric constant £■ r= 10 2) This tliesis shows that the design data of the 
standard microstnp and slot line are good approximation of dimensioning the coupler 
cioss section In addition design parameters that still remain to be determined such as 
position of the reference planes the definition of the slot -line characteristic impedance 
and the influence of the transmission line loss are investigated The improvement of the 
couplei performance attainable through compensation is shown 

1 6 Organization of the thesis 

This thesis explores the possibility of realization of 3 dB broadband coupler using 
microstnp and slot lines m MIC environment Which has compact size lightweight and 
improved directivity Hoffman [1] which the conventional directional couplers do not 
have Chapter 1 presents survey of some important literature based on the couplers 
theory and their classification Comparison of various transmission media s and there 
types used in the MIC teclmology is also given in tins chapter The suggestions for 
development of broad band compensated coupler with microstnp and slot lines are 
considered here Chapter 2 deals with microstnp slot coupler design theory and 
derivations of scattering parameters in both compensated and uncompensated form[l] 
The scattering parameters involve input reflection coefficients which are derived using 
even odd mode analysis of symmetrical structure of the coupler Various characteristics 
of the microstnp and slot 
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lines are given in the desciiption which are important for the design purpose of the 
miciostrip slot coupler The approach to the design of the coupler is discussed for both 
the compensated and uncompensated cases Hoffman [1] Special cases of the miciostrip 
slot coupler for ideal de Ronde [2] real uncompensated and real compensated are also 
discussed 

Chapter 3 deals with the practical design aspects of microstrip slot coupler Floffman and 
Siegel [1] in supplementation of the theoietical analysis presented m chapter 2 
Computation teclmique related to even odd mode analysis is suggested here Measiiied 
and theoretical result s comparison is made foi the implemented coupler and reference 
planes location is specified empirically Finally the measured results are discussed 
Chapter 4 presents summary conclusions and scope for future work 
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CHAPTER 2 


Microstrip-Slot coupler design theory 
S-Parameters of Uncompensated and Compensated 
couplers 

2 1 INTRODUCTION 

In this chaptei description related to chaiacteristic of miciostrip line and slot line is 
given and scattering parameters of coupler having four port double symmetrical 
netwoik are derived for both uncompensated and compensated cases using even odd 
mode analysis of coupler cross section The uncompensated coupler and the coupler 
compensated by extending the slot lines are treated heie and the approaches to design 
are also taking into account for the compensation of slot lines 
2 2 Characteristics of microstrip line 

Micro strip is an inhomogeneous transmission media It consists of a dielectnc 
substrate with a strip conductor on one surface and metallization to form a ground plane 
on the reverse surface 



Ground p'Qoe 

Figure I 1 Microstnp Ime (quasi TEM mode) 
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Since the field lines between the strip and the ground plane are not contained entirely in 
the substrate Therefore the dominant mode of propagation is quasi TEM that is the 
mode IS dominantly TEM with small field components along the diiection of 
propagation as shown m figure 1 1 The fields are confined to the vicinity of the strip 
conductor with a large concentration inside the dielectric substrate and less m the air 
region Larger the value of £■ r of the substiate the greater is the relative concentration 
of energy inside the substrate and lesser is the radiation The characteristic impedance 
and guide wavelength of microstrip can be related to Z® and X in the following form 
Z=ZV Sgff and 

[15] where is the effective dielectiic constant of the miciostiip 
medium It is defined as the relative dielectric constant of an equivalent homogeneous 
microstrip which has the same phase velocity as the original (inhomogeneous) 
microstrip The value of ^eff lies in the range 0 5(H-£'r)< ^eff^ depending on the 
value of w/li For small strip widths (w/li«l) the fields are distributed nearly equally 
ill the substrate and air regions and hence s eir approaches the lower limit (l+Sr)/! For 
large strip widths (w/h»l) the electric field is confined mostly between the strip 
conductor and the ground plane The microstrip then resembles a parallel plate 
capacitor with sefr approaching fr 

2 2 1 Effect of Dispersion 

At Ingher frequencies the fields tend to concentrate more within the dielectric 
substrate Consequently s eff mcreases with an increase m frequency with the value 
approaching to the substrate pennittivity s r asymptotically in the limit frequency tends 
to infinity The following closed form dispersion fonmila can be used to compute the 
frequency dependent £eff (denoted as £eff(f)) m the range 2< 16 0 06:<w/h<16 

andf<100Hz[15] 
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^eff(f) £x ■J~ <?efr) (l+4F*^)+-y~ feff 


2 2 1(a) 


Wheie 


F=(4h^ (frl)/ A )[0 5+{H-21og(l+(w/h))}^] 


2 2 1(b) 


s eff IS the quasi static value Similarly the effect of dispersion on Z can be obtained 
from the closed form expression [15] given in above equation 


Z(f)=Z 


' jr 


(/)-!' 




{ V sAf)} 


2 2 1( c) 


Wlieie Z is the quasi -static value 

2 2 2 Losses 


The propagation loss (neglecting radiation) in a practical microstrip is primanlv due 
to two types of dissipative losses conductor loss due to the fimte resistivity of the 
conductor and dielectric loss due to the finite loss tangent of the dielectric substrate If 
we denote as the attenuation constant due to the conductor loss and aj as the 
attenuation due to the dielectric loss both expressed m a =(ac +ad ) dB/imit length 
2 3 Slotlme 

The slotlme consists of a slot etched from the conducting layer on one 
surface of a dielectric substrate with the opposite surface being bare 


HI- 



Figure 2 2 Slot line on a dielectric substrate ‘ 

V ‘ J 

8Tfirkt--ir° A 13377 



If substrate s permittnity is sufficiently high such as 8r= 10 to 30 the slot mode wave 
length will be much smaller than the free space wave length and the fields will be 
closely confined near the slot S B Cohn Slot line [10] is shown in the following figure 





(c) 


Figure 2 3 Field and current distribution (a) I leld distribution in cross section (b) H 
field in longitudmal section (c) Current distribution on metal surface 

The structure is thus complementary to that of microstrip The electric field 
lines are oriented essentially across the slot whereas magnetic field lines have both 
transverse and longitudinal components Figure 2 3(a) show the slot-mode fields in a 
cross sectional view 
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A voltage difference exists between the slot edges The electric field extends across the 
slot the magnetic field is perpendicular to the slot Because the voltage occurs across 
the slot the longitudinal view in figure 2 3 (b) shows that m air regions the magnetic 
field lines curve and return to the slot at half wavelength intervals Consequently a 
propagating wave has elliptically polarized regions that can be usefully applied in 
creating certain fenite components The current paths on the conducting surface are 
shown in figure 2 3(c) 

The surface cuixent density is gieatest at the edges of tlie slot A propagating wave 
has legions of elliptically polarized current and magnetic field in this view also an 
interesting possibility for microwave integrated circuits is the use of slot lines on one 
side of substiate and microstrip lines on the other When close to each other coupling 
between two types of lines occurs when sufficient far apart they will be independent 
Coupling between a slot and a strip can be used intentionally in certain components 
For example parallel lengths of slot and strip can be made to act as directional coupler 
The dominant mode of propagation is non TEM and hence the characteristic impedance 
and guide wavelength are dependent on frequency although variation is slow As 
compared to microstrip slotlme is more dispersive The slotline mode resembles the 
TEio mode of a lectangular waveguide but it differs from the waveguide m that it has no 
cutoff frequency 

Slot is a convenient medium for shunt mounting of discrete devices It is particularly 
suitable for ferrite components that require regions of circularly polarized magnetic 

field Its Q value is (« 100) 

2 4 Design approach 

The microstrip slot coupler is particularly suitable for the realization of 3 dB 
couplers in MIC technology The analysis is extended to include a lengthening of the 
slot line Which is used to compensate for the different phase velocities of the even and 
odd modes There are design specifications reported for the compensated coupler This 
type of coupler is realizable in planar Microstrip technique for a wide range of 
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comparing theoretical and measured electrical parameters of the coupler Slot line is 
terminated m the circular form of open circuit so as to avoid sudden increase in 
impedance it is basically done for impedance transformation from low to high in steps 
Which provides discontinuity compensation [1] As shown in following figure 



Figure 2 4 Configuration of Microstrip slot coupler (a) Upper side of substrate (b) 
Bottom side of substrate (c) Cross section 

The conductors are assumed to be lossless and the open cncuits at the ends of the slot 
line are assumed to be ideal Also the coupler without compensation is defined by Is =0 
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line are assumed to be ideal Also the coupler without compensation is defined by Is =0 
In this case an ideal open circuit is located at the reference planes T i and T 2 The hybrid 
has a double symmetry w th lespect to the planes pi and p 2 as shown in figure 2 5 and 
It IS recipiocal foui port network 


(a) 



Figure 2 5 Common four port network with double symmetry with lespect to Pi P 2 (a) 
Configuration (b) Definition of leflection coefficients 

The scatteiing parameters of the network can be written in terms of the even odd mode 


reflection coefficients given below 


SH=i( r ,+r,+r,+r ) 

2 4 1 (a) 

s„=i{r„-i +r,-r) 

2 4 1(b) 

S3i=i ( r, +r -r -r ) 

2 4 1(c) 

S 4 ,=t(r„-i -r +r ) 

2 4 1(d) 


The reflection coefficients T T r„ and Toe are referenced to Zo (the characteristic 
impedance of the connecting section) appearing at each end of the ports On application 
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of ceitain combinations of peifect electric (pec) and perfect magnetic (pmc) planes at 
the planes of symmetry pi and p 2 for the computation the reflection coefficients from 
the oiigmal couplei configuiation given m figuie 2 4 The magnetic oi electric walls 
likewise have to be applied to the symmetry planes pi p 2 The conductor pattern of the 
coupling section is fed at its ends from the terminals 1 3 or 2 4 of the coupler four port 
network as shown in figuie 2 6(a) A magnetic wall at pi coiresponds to even mode 
excitation with equal terminal voltages V i=V 2 =V pi then divides the conductor pattern 
in to two identical transmission lines each having the characteristic impedance Ze and 

the effective permittivity e ={c Iv y where c denotes the light velocity and Ve the 
phase velocity of die even mode The relations are 

Ze=2ZM mds =s 2 41(e) 

Where Zm is the characteristic mipedance of the microstrip and e e are the 
effective dielectric constants of the even mode of the coupled lines and the microstiip 
respectively 

An electric wall at pi corresponding to odd mode excitation with opposite terminal 
voltages Vi= V 2 =V The wall divides the conductor pattern of the coupling section in 
two tiansmission lines Each having the characteristic impedance Zo and the effective 
permittivity s = (c / v ) ^ where Vq denotes the phase velocity of the odd mode 
A quasi slotlme mode (quasi TE mode) appears along the entire line with the 
chaiacteristic impedance Zs as shown in figure 6(b) 


Wliere Zs and s „ are the characteristic impedance and the effective dielectric constant 
of the quasi slot line mode (quasi TE — mode) due tlie odd mode excitation 
As the structure is reciprocal passive having double symmetry with leference to the two 
symmetry planes P 1 and P 2 Zo is the characteristic impedance of the connecting lines 
In case of the even mode excitation Ze=2ZM and when mode of excitation is odd then 


characteristic impedance Zq- 


2 
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p, 



Zs ^ 


(C) 


Figure 2 6 Even - odd mode excitation of coupling section (a) Connection of terminals 
1 3 to coupling section (b) Even mode excitation with Vi=V 2 = V Definition of Zm 
S ee (microstnp mode) (c) Odd mode excitation with Vi= V 2 definition of Zs Seo 
(slot line mode) 


microstnp length / = ^ le X,/4-0e slot length 

In microstnp mode bomidary conditions are such that there is magnetic wall at pi and 
magnetic/ electric wall at p 2 
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First consider magnetic wall at p 2 i e there is open circuit at p 2 so input impedance 
seen at the junction of feed line and raiciostrip will be 


Z =~]Z cotCy) 

We can derive expression for F at port 1 as follows 


F . = 


Z -Z 


- ]Z cot^ — Z 
2 

- jZ cot — + Z 

2 


Z cot 


^6 ^ 


F = 


-J2 


V ^ ; 


Z cot 




+jz 




exp 


r = 


j arctan 


Z cot 
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V 


exp' 


j arctan 


Z cot 


.2, 


'z 

(e Y 

11 

— tan 
_Z 

UJ 



= exp|- 2 J arctan! 
putting Ze=2ZM m equation (IV) 


Z 0 

r = exp {-j2 arctan[^^ tan(— )] } 


2 4 1 (I) 


2 4 1(11) 


2 4 1 ( III) 


2 4 1 (IV) 


2 4 1(g) 


Similarly we have derived expressions for F r„„ and r„ given in equation 2 4 1(h) 
2 4 l(i) and 0) 


2" Q 

r = exp {] 2 arctan[-— cot(— )] } 
2Z^ I 


2 4 1(h) 


r2Z B 

r„„ =exp{-;2arctan[— tan(Y)]} 


2 41 ( 1 ) 
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2Z 6 

r =exp{ 72 arctan[— cot(— )]} 2 4 10) 

Wliere 

0 = CO I 4s I c (Electrical length in case of even mode excitation) 

6 = CO I 4s I c (Electrical length in case of odd mode excitation) 

The transmission parameteis S,j of uncompensated coupling section are in this way 
described as a function Zu s Zs £ length I and the angular frequency a These 
equations apply for arbitrary values of Zq Zm Zs and arbitrary phase velocities of Ve 
and Vo 

2 4 2 Even -odd Mode Analysis of the coupler with 

compensationLines (/ >o) Now considering the coupling section C shown by 
figure2 4 which includes the slot compensation length Let S has the characteristic 
impedance Zs the effective permittivity s and the length Z s and s differs fiom 
the parameters Zs and s of the coupling section with odd mode excitation because m 
the case of the added slot length/,, the strip conductor is missing from the other side of 
the substrate With typical coupler on RT/ Duroid substrate (Zq =50 Q £r=10 2 ) £eo 

<8ee in all cases whence Vo>Ve For/,, length acts as a shunt capacitance 

Cc as shown in figure 2 7 that is only effective with odd mode excitation This 
capacitance increases the transnussion phase between the terminals 1 3 and 2 4 for odd 
mode excitation from cpo to Foi the selectable compensation frequency fco the 
compensation can be realized with equal values of (p*o and the transmission phase foi 

even mode excitation (pe=0e =00 / -{s^ /c so that the directivity D (fco)= 201og 1 I =oc 

*^31 

and Sii(fco)=0 For even mode excitation Bc=coCc is ineffective 
Analysis is made by the similar method as adopted in analyzing the coupler without 
compensation whereby it is assumed that susceptance 
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2 4 2 (a) 


C =-^tan6'c 
7 

With 9^ =Q / s ^Js /c IS shunted across the ends of the coupling section 



Figure 2 7 Coupler with compensation lines S(ls> 0 ) represented by the input 
susceptancejBc 

Again assume an ideal open circuit at the ends of the slot and an ideal junction at Ti 
and T 2 By applying appropriate magnetic and electnc walls to the symmetry planes pi 
and p 2 , the reflection coefficients referenced to Zo for odd mode excitation can be 
computed from the input susceptance of the transmission lines shunted with the 
susceptance 2Bo 
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For the slot mode (i e odd mode) compensation length = 6^ 

Then Z,n effective Call be computed by using lumped capacitors at the ends of coupled 
region For that we assume an odd excitation at the ports 1 and 3 and the effective 
odd mode characteristic impedance can be determined mainly by the slotlme 
impedance which is Zoi beneath the miciostnp (length Z) and Z 02 outside the miciostrip 
(length I ) 

Considering pi as electric wall (corresponding to odd mode excitation) and p 2 as 
magnetic wall foi that 
we can write 


Z 0 z 

Z,n effective =Zol+Zo2 - J ~ COt(~) ” / ~ COt(0^ ) 


2 4 2(1) 


For the above reflection coefficient at port 1 can be computed as following 
Z 


r „=■ 


ff II 


z ^ I +z 


■ z YCot(y) + -^cot(0,)-yZ 


YC0t(y) + yC0t(^^ ) + 7Z 


exp 


r =• 


- ] arctan 


Z 


^cot(Y) 


exp' 


- j arctanj 


- + - 


Z, 9 Zn 


2 4 2(11) 


2 4 2(III) 


exp' 


r.. =• 


j arctan 


2Z„ 0 


expf- yarctani 


2Z ,9 , 2Z 
-—tm(r-) + -^tm{9^) 


2 4 2(IV) 


From equation 2 4 2(a) = -—tm{9s) 


Substituting this in equation 2 4 2(IV) we get 
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2 4 2(a) 


r om= exp {-] 2 arctan [ 


2Z e 

— tan(y) + 25Z ] } 


Similaily we have computed an expression for Foe 


2Z 9 

T oe= exp {-j 2 arctan [ cot( — ) + 25^ Z ] } 2 4 2 (b) 

Z ^ 2 

With 9 =0)1 /c and Bo according to equation 2 4 2(a) The parameters F and 
F can be computed with 2 4 1(g) and 2 4 1(h) because Be is here ineffective The 
scattering parameter S,j of the coupler with ls>o are computed with 2 4 1(a) through 
2 4 1(d) These equations apply for arbitrary values of Zq Zm Zs See Seo and arbitrary 
parameters Z s s eo h 

Special cases of Microstrip-Slot coupler 


2 51 Ideal microstnp slot coupler 

The ideal Microstnp Slot coupler can not be realized with the real coupler 
configuration shown in figure2 4 because in this case Seo<See It can however be used 
to derive design equations for the real coupler The ideal coupler is characterized by the 
reflection coefficient Sn being zero and S4] being zero 1 e (mfimte directivity) at all 
frequencies Applying these conditions from 2 4 1(a) to2 4 1 (d) we can write 

ree=romandFen,= Foo 2 5 1(a) 

For all frequencies 

These equations apply only if two conditions with respect to the coupling section 
parameters exist Condition one is that the coupling section has the same electrical 
length for the even and odd modes at all frequencies 
1 e 0e(f)=0o(f)=6(f) This results in 

and a =£ =Se 2 5 1(b) 

and 

Zo=VFz' = V^Z, 25 1(C) 
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With these conditions satisfied we can use equations 2 4 1(b) 2 4 1(c) and 2 4 1(g) 
2 4 !(]) for the tiansmission coefficient 821 and the coupling coefficient S31 assuming 
the following simplified form 


Su(f) 


[1-C^] 


2nl/2 


[l-C"f"cos^ + ysin^ 


S3,(f) = 


jCsmd 


■sIl-C^ COS0 + jsmO 


Wlieie 



2 5 1(d) 

2 5 1(e) 


At the ccntei frequency ^ ~ These are the parameters of an ideal TEM coupler 

where 


-Z 

c= 

Z 06 + Zg 
Winch gives 


0 ) 


25 1 (f) 


4Z^ +Z^ 


Wliere C is the coupling coefficient at the center frequency 



25 1 (g) 

I = — where 
4 


Z IS the line wavelength The magnitude of S2i(fc)=- ;Vl-C^ is here at minimum and 
that of S3i(fc)=C IS at maximum For a given center frequency coupling loss 
ac=-20logC for a given characteristic impedance Zo 

Combination ofequations 2 5 1 (c) 2 5 1 (f) and 2 5 1(g) yield the synthesis equations 




2 5 1 (h) 


Zs=2Z, 


pc 

4 + C 


2 5 1 ( 1) 




For a 3 dB coupler in a 50 Q the characteristic impedances 
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Zm- 60 35 Q and Zs =41 4 Q are obtained 

At this point it IS important to consider the differences between the present analysis 
of the miciostiip slot coupler and the hybrid branchhne coupler analysis In the latter 
the microstrip slot coupler is treated as a special case of the n type hybrid branch line 
coupler as shown m figure2 8 (a) it consist of two identical parallel lines Gp and a 
series transmission line Gs each having the length I To allow comparison of the two 
analyses the hybrid branch line coupler is subjected to even mode excitation (magnetic 
wall at pi according to figure 2 8(b) for identical phase velocities in all lines It 
follows from this that Ze=Zp for even mode excitation and Zo is represented by Zp in 


paialleltoZ /2 lesultmgm 


Z 


Z Z 

p 


'1,'Zi j + z^ 


2 5 10) 


For odd mode excitation This results m the synthesis equations Zp=Zo 



and 


Zse= Z 


1-C^ 

V c 


for the hybrid branchhne coupler which yield Zp=120 10. and Zsc=50Q for a 3 dB 
coupler with a Zo of 500 

The analysis of this thesis and that of Schiek s paper agree if the microstrip mode - 
excited coupling section of figure2 6(b) with the characteristic impedance Zm is 
modeled by a parallel combination of two impedances Zp and tlie slot mode -excited 
coupling section of figure2 6(c) with the characteristic impedance Zs is modeled by a 
parallel combination of Zse and 2Zp Applied to the above mentioned 3 dB coupler with 
Zo=50 O a parallel combination of two impedances Zp =120 7 O results in impedance 
of 60 3 5 G which corresponds to Zm according to 2 5 1 (h) and a parallel combination 
of Zse =50 O and 2Zp =241 4 O results in an impedance of 41 4 O which corresponds 
to Zs according to 2 5 1(h) 


A general rigorous analysis of the couplmg section such as a numerical analysis from 
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the field quantities permits - basically - only the calculation of the even and odd 
mode impedances and Zo Since m Schiek s equivalent circuit Zo is modeled by a 
combination of both Zp and Z^c it is not possible to calculate Z^c separately from the 
odd mode excited coupling section i e fiom the field quantities 


AB 




nguie 2 8 Comparison widi hybrid branchline coupler analysis (a) Equivalent diagram 

of hybud biaiich line couplei (b) Even odd mode excitation of (a) 

Theiefoie the interpretation of Zse as the isolated slot line impedance which has 
been adopted in the idealcoupler where a 50 O slot line impedance is given for the 3 
dB coupler with Zo =50 Q is strictly speaking an approximation 

However the characteristic impedances Zm and Zs of the analysis of this thesis are 
defined directly from the field quantities and therefore characterize the coupling section 
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exactly 

2 5 2 Real Uncompensated Coupler 

In a real uncompensated coupler 1^=0 as shown m Figure 2 4 Assuming 
commercial couplers of conventional dimensions Seo ^ See This gives the odd -mode 
phase velocity greatei than the even mode phase velocity However the following is 
always satisfied 



Equation 2 5 2(a) implies that for feeding at port 1 the direct port 2 the coupled port 
3 and the isolated port 4 remains unchanged The coupler parameters are no longer 
ideal especially its directivity which is D <o^ and lSiil> 0 However I Sul 
lS 4 il« 1 remain if the matching condition 2 5 1(c) is taken in to account or the 
synthesis equations 2 5 1(h) and 2 5 l(i) of the ideal coupler are used for designing 
The scattering parameters are computed with equations 2 4 1(a) -2 4 1(d) and 2 4 1(g) 
2 4 1(] ) whereby S 2 i(f) and S 3 i(f) closely approximate the ideal coupler parameters 

computed with 2 5 1(d) and 2 5 1(e) For the center frequency fq = p===rthe 

-f¥ 

reflection coefficient and directivity can be obtained from equations 
2 4 1(a) -2 4 l(d)and 2 4 1(g) 2 4 10) by the first order approximation 
Sil S4]« 1 

And a first order approximation yields 

S„(0=J7|^-^jcVl^ 25 2 (b) 

D(fc)=201ogAj^^2!_ll=^| 2 52 (c) 

4[e, +e \ C 

Where fo is the center frequency 

The essential performance resembles that of the microstrip coupler 
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2 5 3 Real compensated Coupler 

Foi leal couplers with Seo<See matching and compensation i e Su=0 841=0 can be 
lealized with the aid of the compensation lines S only at a single arbitrarily chosen 
fiequcncy Viz the compensation frequency foo For this it is essential that 

1) The matching condition 2 5 1 (c) be satisfied 

2) Z[ and be approximately chosen and 

3) That Zs IS increased slightly to Zs* 

To derive the compensation conditions we refei to the section entitled Ideal 
Miciostiip -Slot coupler according to which ideal coupler behaves at fco can be 
obtained if matching condition 2 5 1(c) is satisfied and is equal to e For the leal 
coupler the matching condition can be easily satisfied by appropriate choice of the 
character istic impedance Z^and Zsand according to the synthesis equation 2 5 1(h) and 
2 5 l(i ) but still £• <8ee bccause of the difference in field distributions of the 
Microstrip and slot modes At one particular frequency however namely at the 
compensation fo the effect of difference in Seo and See can be compensated if we extend 
the slothne by a certain amount The additional slot lines S resulting from this 
extension leave the transmission characteristics of the Microstrip mode -excited 
coupling section unchanged because here the voltage across the slot of coupling is 
zero These additional lines S modify the transmission characteristics of the slot mode 
cxcitated coupling section only 

This real slot mode excited coupling section with compensation lines hereinafter 
referred (R) and is shown in figure 2 9(a) 

To obtain compensation at fco the transmission phase of (R) applying to I, =0 has to 
be increased by adding capacitive end loading This is accomplished by lengthemng the 
slot by certain amount h at which the transmission phase reaches to 

27u I f 4^ /c of the Microstnp mode excited coupling section Unfortunately the 
capacitive end loading decreases the input impedance level of (R) 
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rb) 


s(y ) 
(/ ) 


Figure 2 9 Tor synthesis the compensation conditions (a) Real coupling section (R) 
with compensation lines S excited with slot line mode (b) Fictitious ideal coupling 
section (I) with =Cee excited with slot line mode 

To compensate for tins the characteristic impedance Zs has to be increased to Zs 
equation for and Zs which the S parameters Saa and Sab of (R) have at fco. Now 
assume the characteristic impedance of lines S to be Zs s Zs 

To derive equations for /^andZ^ the S parameters Saa® ^nd Sab® of an ideal slot 
mode excited coupling section without compensation lines as shown in figure 2 9(b) 
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lieieinaflei lefened to as (I) with the parameters Zs according to 
2 5 1 (i) s = £■ would provide compensation at any frequency 
Theiefoie the compensation conditions are Saa® =Saa^'^ and Sab®==Sab(I) at fco all 
parameteis being lefeiied to as Z The teimmals a and b are the ends Ti and T 2 of all 
the coupling section Again Utilizing the symmetry of the configurations ® and (I) we 
can calculate the S paiameters Saa Sab from one port reflection coefficients F and F 
as wc did foi the whole coupler m 2 4 1(g) 2 4 1(]) The above mentioned compensation 
conditions can then be divided into two alternative compensation conditions 
Fm®(U=F„/'^(fco) 2 5 3(a) 

r.®(fco)= 2 5 3(b) 

Wheic Fn/'^ and Fe^'^ are the input reflection coefficients referenced to Zs of the ideal 
configuiation as magnetic wall or electric wall is applied to pa The parameters Fm 
and F^,® are the corresponding reflection coefficients likewise referenced to Zs of the 
real configuiation equations 2 5 3(a) and 2 5 3(b) can only be satisfied by altering the 
chaiacteiistic impedance of the slotlme 
c 


fco "^4 


2 5 3(c) 


Tuithei assume for simplicity that slight increase m Zs to Z s required for 
compensation will not alter the effective permittivity £ 1 e f eo =eeo Thus 2 6(a) and 

2 6(b) will yield the compensation conditions 


2arctan 


B „ -^cotl 
Z 'i 


'tr If mV'' 




/J 


7t 

"2 


2arctan 


B 

Z s 






n 

2 


2 5 3(d) 


2 5 3 (e) 


With the input susceptance (obtaining at the compensation 



Bl CO 27TfM C 


1 


■c CO 


2s 


-tan 




2 5 3(f) 


Of the compensation lines S In 2 5 3(f) it is assumed that the characteristic impedance 
of these lines is Zs =Zs and their effective permittivity is s eo =^Seo Equations 2 5 3(d) 
and 2 5 3(e) yield aftei leanangement the increased characteristic lequired foi 
compensation at the compensation frequency fco=fM 


Zs 


. 2 , 


r 


cot 


7Z S 

4v7 


-i- tan 


TT e 
4 y £ 


2 5 3 (g) 


The length of the compensation lines which aie assumed to have approximately the 


paiameteis Zs =Zs* and 8co=Sco*=Seo should be chosen according to 


1— — aictan< 

r 

|2s 

l-2sin^ 




1 E n 



^4y£ j 

_ 



2 5 3 (h) 


As an alternative to extending the slot line by it is possible to shunt both ends of the 
coupling section at Ti T 2 with a capacitance 

2 5 3 ( 1 ) 


Cc co~^o l\l£ 

n 


l-2sm' 


n 

4 ^ 


Paialld to the slot line and »° 

2 5 3(h) agree to within a few peicent with the first - order approximation however 
does not acconnt for the increase in the characteristic impedance Zs accoidmg to 

2 5 3 (g) 


at 


CHAPTER 3 


Practical Design Aspects of Microstnp- Slot coupler 


3 1 Introduction Practical desigmng aspects of microstnp slot coupler on an 

RT/ Duioid substrate ( Sr=10 2) aie treated in supplementation of the theoretical 
analysis of the eouplei presented in chapter 2 Companson with implemented coupler 
yields rules for specification of the reference planes at the ends of coupling section 
and for the appropriate choice of the definition for the slot line characteristic 
impedance 

Specifications of the standard versions of 4 5 dB microstnp - slot coupler 
Slot width s = 0 14 mm 
Microstnp width = 0 42 mm 
Substrate thickness h=0 635 mm 
D= 7 mm 
1 = 5 mm 
b= 0 5 mm 

feed line width = 0 62 mm 
Sr =9 8 

Microstnp length = 5 62 mm 
Compensation slot length =0 81 mm 

To supplement the theoretical analysis presented in chapter 2 several problems of 
practical Microstnp slot coupler design are treated here Emphasis is given to the 
realization of 3 dB couplers in microwave integrated circuit technology on 
RT/Duroid substrate (dielectric constant=10 2) The configuration of this coupler is 


given 111 figuie 3 1 This chapter shows that the design data for the standard 
miciostrip and slot line aie good approximations for dimensioning the coupler cross 

section The acenney of the analysis in chapter2 is verified by a comparison with the 
mcdsuienient data 



Substrate 


_ \ 


IV 



I 

" 1 

1 ^ 




t 


P, 

(b) 


Figure 3 1 Configuration of the microstrip -slot coupler (a) Upper side of the 
substiate (b) Cioss section 

In addition design parameters that will remain to be determined such as position of 
the reference planes The definition of the slot line charactenstic impedance and the 
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influence of the tiansniission line loss aie investigated The improvement of the 
couplei perfoimance attainable through compensation is shown with the help of 
theoietical analysis 

3 2 Simplified computation of even and odd mode 
Parameters 


The accurate compaiison of the characteristic impedance Zm aiid effective 
peimittivity Sec foi the microstrip mode (even -mode excitation) and the 
coiiesponding values Zs and z^o for the slot mode (odd mode excitation) of the 
oiiginal couplei cioss section shown in figure 3 1 requires an extensive numerical 
analysis In practice such data aie often not available Analyses are however usually 
available for the standard microstrip transmission line These analyses can provide 
useful approximate parameter values for the microstrip slot configuration The errors 
in Zm and See under the assumption that the slot width s is negligibly small for 


s/h<0 3 Coupling coefficient of ^6 dB is taken into account here Thus tlie 
pmameters for 3 dB microstrip - slot couplers for the conventional microwave 
fiequency lange (appioximately 2 18GHZ) are covered by the approximations of the 
standard miciostiip and slot line 

3 3 Comparison of measured and theoretical Results 

3 3 1 Implemented coupler 

Miciostiip slot coupler with a center fiequency f in the region of 6 74024 GHZ is 
implemented on RT/Duroid substrate using thin film technology with thick 

copper conductors view of which is shown m figure 3 2 

The coupler is partially compensated This means that the length of the 
compensation slot line is >0 But the compensation condition 2 5 3(h) of chapter 2 for 
I IS not met, the coupler is said to be 3 dB coupler if it satisfies the matching 


condition Zo - ^JZ^Z - 


But this type of coupler is not realizable because 



of non-availability of correct thickness substrate, mask aligning technique. So the 
design corresponding to the available substrate is actually for 5.31- dB coupler with 
slot width 0.14 mm and center frequency 6.74024 GHZ. 



Figure 3.2 Photograph of the unassembled view of the microstrip-slot coupler 

The measured frequency responses of the transmission loss a 2 i= -201og|iS'2,| , coupling 

lossa 3 i= -201og|5'3,| and isolation loss = - 201og|5'4]| of the implemented coupler 

are compared with the theoretical responses. Sy are the scattering parameters of the 
coupler. The measured frequency responses of a 2 i and asi refer the whole circuit on 
the substrate shown in figure 3.1, and include the attenuation of 0.1 dB in all two 
feeding lines. The theoretical values of S 21 , S 31 were compared with the aid of the 
analysis given in chapter 2, with Zo=50Q 

3.3.2 Empirical Determination of Reference Plane Location and of 
proper slot Line Impedance Definition 
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For the calculation of the theoretical responses of a 2 i(f) and a 3 i(f) for the coupler 
design in general two questions arise First at what position should the reference 
planes Tj T 2 be placed*^ And second which definition should be chosen for the 
computing the character istic impedance Zs and Zu^ The answers can be obtained by 
compaimg the theoretical responses with the measured frequency responses 
For the first question the tentative positions of the reference planes described by 
the distance d between Tj (orT 2 ) and outer edge of the conductor of the feeding 

w 

miciostnp line is d= and the corresponding value of the effective length I of 

the coupling section is shown 

w 

Here we have considering for Ihe calculation center frequency corresponding 

X 

to which I = — = 5 62 mm 
4 

The given substrate thickness is 0 325 mm and Er=10 2 on which coupler fabricated 

consist miciostnp line width w=0 42 mm and slot line width s=0 14 mm For 

w s 

miciostnp line — = 1 292 and for slot case — = 0 43076 
h h 

3 4 Approximate Calculations 

Closed form expressions for characteristic impedance and slothne wavelength have 
been obtained by curve fitting the results based on the Cohns analysis These 
expressions have an accuracy of about 2% for the following parameters 
9 7<Sr:^20 

h ( 

002 <-<10 mdOOlS— < — 

h U J 

IS the cut off value for the TEio surface wave mode on slotlme and is 
_ 0 25 

* 34 : 





A 


-i- = 0 987-0 211n£ +-(0 111 -0 0022s )■ 
A h 


f 

• C 
V 


s 

h 


By substituting the value of s, and — in above equation we get 

h 


A 

= 0 4794 
A 


And £co = 5711 


lln 

A ,0’] 
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3 4(a) 


roi0 2< - <10 

h 


f W - 


02 

1 

{_h ) 

V ^ y 


0 15 + 0 11ns, +^(-0 79 + 0 8991ns,) 
n 


10 25-2 1711ns, +y(2 1-0 6171ns,)--^ 10^ 
h ^ 


3 4(b) 


s h 

Putting the values ot Sr=10 2 - = 43074 and — = 


A r. h 


^A y 


0 25 


= 0 0825 we get 


Zs=88 25 Q 
and 8eo = 5 711 

Similarly calculations tor microstrip related parameters 

Corresponding to ^ = 1 292 under quasi static approximations and assuming the strip 

thickness to be negligible the expression for Zm is given and the accuracy of this 

w 

expression is reported to be better than 0 2% for e,< 128 and 0 OK - S 100 
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and 

b-0 564 


/ \ 0 053 

^ s - 09 ^ 
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So iftci substiluting the known parameters in the equation we get 
=6 944 


Zm= 


60 
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"A" 

Ud 


F\ 




+ '1 1 + 




Wheie 


F(^) = 
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6 + (2;r - 6)exp] 


30 666- 


07528 


So the value of Zm = 43 36 Q 


34(d) 


34(e) 


3 4(f) 


34(g) 


Z.=VA,+ =61850 

Foi centei frequency 

i = — L_ z From coupler structure =4xlength from Ti plane to T2 plane =22 

4-0 


mm 

Putting the numerical values of the parameters and calculating we get 
fo==6 7404 GHz 

The increased characteristic impedance required for compensation 
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Zs = 
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+ tan 


K s 
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The length of the compensation lines which is assumed to have approximate value 
chosen according to the following expression 


IS 


/, =/ 


-aictan 


S 71 


Zs 


f 


1 -2sm^ 


n 

4 


= 0 58 mm 

The input susccptance obtained at the frequency fc=6 74024 GHZ 

iTtl^ f ^ 


Bc = 


Zs 


•tan 


Bc= 3 632x10 ^ mho 

So computed data which aie relevant to lealized coupler are as follows 
Dielcctiic constant of the substiate ( RT duroid ) Sr = 1 0 2 


Thickness of the substrate 
Width of the miciostrip line 
Width of the slot line 
Width of the feed lines 
Length of the miciostrip line 
Compensation length of the slot 
Effective peimittivity of the miciostrip medium 
Effective permittivity of the slot line medium 

Slotlme characteristic impedance 
Microstnp line characteristic impedance 
Characteristic impedance of the coupler 
Effective permittivity of the coupled medium 
Center frequency 


34(1) 


h = 0 325 mm 
w = 0 42 mm 
s =0 14 mm 


Wp = 0 62 mm 
/ = 5 62 mm 


1^-0 5% min 


8ee = 6 944 
Seo = 5 711 
Zs = 88 25 O 
Zm = 43 36 n 
Zo =61 85Q 
Self = 6 32 
fc = 6 7404 GHz 


Input susceplance coiiesponding to center fiequency Be = 3 6x 10 ^ seimens 
Since Be is shunted acioss the ends of the coupling section So the reflection 
coefficients foi odd mode excitation can be computed from the input susceptance of 
the tiansmission lines shunted with the susceptance 2Bc 


— = m L — =1 0886 ladian 
2 V c 


— =0) ij— =1 204 ladian 
2 V c 

By putting the values of the paiameteis and calculating we get the input reflection 
coefficients for the compensated coupler as follows 
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3 4(m) 


foi these input leflection coefficients we get 
Return loss = 201og|5||| => 9 74 dB 

Coupled poit output = 201og | => 5 3 1 d B 

Direct port output = 20 logliS^,! 2 36 d B 

Isolated poit output = 20 Iog|S' 4 ,| 19 6 d B 

15411 


Directivity 


= 201og 


531 


=^>14 29 dB 


34(n) 
34(0) 
34(p) 
3 4(q) 

34(r) 


For the second quesUon three definitions were investigated for Zs and 

Zm Z <'’''>=V*/(2P) Z <^'>=V/I and Z ™»2P/l" where P denotes the power 

1 J t. ^ rvf rtrnnnffation of the oiode I deuotes the longitudinal 

transported m the direction of propagation or rne niuu 



cm lent on one of the two electrodes of the slot line or the strip conductor of the 
miciostiip tiansmission line and V denotes the voltage ovei the slot in the slot line or 
the voltage between the center of the ship conductor of the microstrip line and the 
giound The conversion foiniula is 

Lineal inteipolation is possible with good approximation (error<0 5 percent) between 
4GHZ and 6GIIZ and between 6GHZ and 8GHZ 

We first consider the 3 dB coupler which is matched to Zo =500; the four 
positions of the reference planes Tj and T 2 were used to calculate the theoretical 
values of 121 (1) and aai (f) It can be seen that the closest agreement with the 
measmed liequency lesponses occuis for the reference plane positions defined by 

y\> W 

d=3__L which can be alternatively expressed by l=di+-^ Thus Ti and T 2 are 
2 2 

located appioximately Wp/2 within the outer edges of the feeding lines of width Wp 

Laigei value of / result in frequency responses that deviate more sharply ftom the 

measurements 

The theoretical responses for a 2 i (f) and asi (f) were calculated using the one Zs 

definition the position of the reference planes For the microstrip mode we 

used the definition Zm The difference between the Zm definitions is below 5 percent 
and in the fust appioxiniation negligible Also negligible is the terminal capacitance 
of the slot hue open circuits When Zs definition is used the theoretical responses for 
a 2 i (1) should almost coincides with the measured response of the coupling section 
without feeding lines, winch is obtained by subtracting the 0 IdB attenuation to the 
feeding lines m our case there is deviation because of alignment problem As slot is 
not completely beneath the microstrip Ime on the other side of the substrate Perfect 
alignment is only possible if alignment is done with mask aligner Although theory 
should yield lower values as the dissipative losses are not being taken m to account 
The computed values of an (f) and as, (f) are average of 0 4 dB below the measured 


/II 



values This diffeience is attiibuted due to the ohmic dielectric and the radiation 
losses at discontinuities that aie not taken in to account in the theory Thus the 
definition of Zs is the moie pieferable one for the coupler design 

The choice of the lefeience plane positions and the slot line impedance definition 
obtained foi the matched coupler is also applies to coupler having slot width 
s=0 14mm 

As the accuiacy of the cuives concerns the following information should be 
added heie Measuiement of the substiate thickness h over the whole substrate 
lesulted m maximum deviation of Spin from the nominal value of 0 325mm which 
keeps the change in Zs and Zm below 0 5 peicent and that of the Seo and s^e 0 1 
pel cent also the dielectric constant tolerance AEi/8r<3percent results in a change of 
<2 peicent foi Zs Zm seo and See Thus the total maximum error for Zs and Zm of 

2 5 percent is noticeably smaller than the typical difference of 8 to 20 percent 
between the vaiious Zs definitions Similarly the possible frequency shift of <1 
peicent foi the theoietical results due to tolerances m Sr and h is noticeable smaller 
than the centei frequency shift of 8 to 30 percent caused by different reference plane 
positions d= 0 to 1 5 Wp The measurements were performed using PC interfaced 
powei meter directional coupler and phase locked frequency synthesizer 

3 5 Measurements and results of the microstrip-slot coupler 
Measurements are done by network analyzer made out by mtercoimectmg power 
meter direction coupler md frequency synthesizer (2 20 GHz) and its operation 
controlled by computer Only the magnitude of Su S 21 Ssiand S41 of the device are 
charaoten/ed S„ S 2 . S3, aad S« repreaentthe reflection Transmission couplmg md 
isolation parameters respectively Figure 2 1 illmtrates the microstrip slot coupler It 
can be seen tliat the measured center ftequeney is in good approximation with the 
tlieoretical value 6 70404 GHz The combined plot of experimental results taken is 

given in figure 3 3 




rigme 3 3 Plot showing measured magnitude of S 41 Sn S 31 and S 21 of microstnp 
slot couplei 

Specifications of couplet 

Coupling - 6 dB 
Return loss = 7 5 dB 

Coupling band width = 15% 

Isolation band width - Better than 15% 

Isolation = Better than - 20 dB 

Center frequency 7 0 GHz 

The isolation is better than the theoietical value 19 6 dB but direct port output 3 5 
dB is fairly in good agreement over the limited range of frequencies with the 
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Fig 3 4 Block diagiam of the experimental setup for return loss measurement 
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Fig 3 5 Block diagram of the expenmental setup for direct port coupled port and 

isolated port output 
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The isolilion IS bettei than the theoretical value 19 6 dB but direct port output 3 5 
dB IS fully in good agreement over the limited range of frequencies with the 
theoietical piedicted value 2 36 dB Coupling from 6 5 GHz - 7 5 GHz is in the 
lange 6dB to 7 dB which is not m good agreement with the approximate theoretical 
piedicted value 5 3 1 dB It can also be seen from the plot that return loss is 7 5 dB 
which IS not m good agreement with the theoretical predicted value 9 74 dB in the 
band of mteiest This is due to mismatch and transition losses at connection ports 



CHAPTER 4 


Summary and conclusion 
4 1 Summary 

A novel method of analysing microstiip slot coupler theory and realization 
of the same had been described in this thesis The microstrip slot coupler is special 
classes of coupleis foi that type of coupler expression of scattering parameters are 
derived in teims input leflection coefficients by using even odd mode analysis of a 
lecipiocal passive linear loui port network with double symmetry with reference to 
the two symnietiy phncs Derivation of the scatteiing parameters is done in both the 
cases 1 e without compensation and with compensation lines Compensation is 
accomplished by lengthening the slot line to capacitive loading at the ends of the 
coupled legion the isolation has been improved by 5 10 dB as compared to the 
uncompensated stiucture The fiequency response of the isolation depends on the ratio 

of ~ Special cases of miciostiip slot couplers retaining ideal theoretical approach 
•^s 

can not be realized with the real coupler configuration because in this case s < See 
however it can be used to derive design equations for the real couplers The ideal 
couplei IS chaiacteiizcd by the reflection coefficient Su being zero and S 4 ] being zero 
1 e infinite diiectivity at all frequencies For real uncompensated commercial coupler 
of conventional dimension I = 0 > Seo and Vo > Ve The real couplers with 

compensation (seo < See I > 0) and matching 1 e 841=0 Sji^O can be realized with the 
aid of the compensation lines S only at a single arbitrary chosen frequency viz the 
compensation fiequency fco for that it is essential that matching condition should be 
satisfied 

Practical designing aspects of the microstrip slot coupler on RT/ 
Duroid substrate with compensation are treated in the supplementation of tire theoretical 
analysis Emphasis is given to the realization of 4 5 d B coupler on the 0 325 mm thick 


substnte with 8 r = 10 2 substiate We had design data foi the realization 4 5 dB coupler 
on the AI 2 O 3 substrate with relative permittivity of 9 8 and substrate thickness 0 635 
mm But due to non availability of the compatible substrate the fabrication is done on 
the substiate having thickness 0 325 mm foi the slotline 0 14 mm on the ground plane 
and miciostiip width 0 42 mm on the other plane foi the mismatch condition The 
theoietical coupling is 5 31 dB for the given substiate having same dimensions of slot 
line and miciostiip as was implemented on the substrate of thickness 0 625 mm The 
coupler is woiking satisfactory with center frequency 7 0 GHz The practical coupling 
value IS not equal to the approximately calculated value because of the slot is not 
accuiately beneath the miciostrip in the ground plane this is because of the non 
availability of the mask aligning facility If the alignment is done with the mask aligner 
we can get couplci of which coupling has close agieement with the calculated values 
foi the perfect matching condition For the isolation improvement compensation is 
added in this type of coupler which has removed the junction effect with enliancmg the 
duectivity In uncompensated type of coupler such a good directivity can not be 
obtained In this thesis compaiison has been made for the theoretical and practical 
paranicteis 

4 2 Conclusion 

Scatteiing paiameters of the coupler are derived in this thesis by using the 
even odd mode anilysis foi foul port network having double symmetry equations have 
been derived foi tire flequeney dependent scattermg parameters S,j of the miciostnp slot 
coupler whereby different phase velocities v. v„ of the even and odd modes as well as 
the mismaiob are included through the arbitrary choice of the eharacteristic impedance 
Zo and the even mode and odd mode characteristic impedances Z, Zo The analysis 
was extended to cover the coupler with supplementary slot lines as oonventionaUy used 
for compensation For Ve =v. the parameters of an ideal TEM coupler are realized 
Simple design specifications are derived for the compensation slot toes 



Compaiison of the measurement of coupler with a slot width 0 14 mm 
realized on RT/ Duioid substrate with lesults yielded by the theoietical analysis show 
close agreement undei the following condition First the reference planes for the ends of 
the coupling section must he within about half width of the feeding lines with center 
frequency in the legion of 7 GHz Second the characteristic impedance Zs defined by 
the cuirent and voltage must be used for the slot line Thud m order to take of the 
transmission line loss the theoretically calculated parameters must be displaced by a 
fixed value - here approximately 0 4 dB - towards higher attenuations Estimates have 
shown the theories of the standard miciostrip transmission line and the standard slot 
line to be sufJicicnt for the practical designing of the coupler design 


4 3 Scope for future work 

The miciostiip slot line coupler can be integrated on the high relative 
permittivity substrate to improve tire dispersion loss of the coupler as effective 
permittivity in slothne piopagation mode becomes much lower m comparison to the 
relative permittivity of the used substrate If available the intregation of the coupler can 
be done on the tinnspaient substrate having high relative permittivity of the order 20 to 
30 which will eliminate the eiroi occurring in the alignment of the microstriplme and 
slothne If the tianspaient substrate is not available the alignment requires mask 
alignment technique during fabrication process For accurate theoretical calculation of 
parameters lull wave analysis can be used with which we can get design parameters 
very close to practical values of the implemented coupler 
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